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Summary and less!
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Summary and more or less?
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More or less a Summary !
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Squeezing out the middle man?
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Boxing in the phase structure of 
QCD

● The baseline: Is it more hadronic or more partonic

● The subtleties: Critical point, cross over, etc:
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Testable idea!!!

Simple absorption may also work...
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Is the matter  hadronic or partonic 
at 

lower energies?

YES!!!
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The villain(s)
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The return of the middle man
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Protons vs Baryons

All protons are baryons but not all baryons are protons



 Baryon & Proton Number Fluctuations  

p In, general, fluctuations of NN and Np are different.
p Due to the isospin fluctuations, Np fluctuations tend to be close 

to equilibrium ones than NN fluctuations.

Kitazawa



Simple model
Consider only neutron, protons, and charged pions

Conserved quantities: electr. Charge Q and baryon number B

Still fluctuations: Protons ↔ neutrons    and   π+ ↔ π-

Would be binomial if we ignore charge conservation



Simple Model

N
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 Effect of Isospin Distribution  

deviates from the equilibrium value.(1)

(2) Boltzmann (Poisson) distribution for 

For free gas

genuine info. noise

Kitizawa



Baryon number conservation

● Affects all susceptibilities: Variance, Kurtosis....
● Proton Fluctuations are also affected

– Distinguish from Isospin fluctuations

● Still LARGE baryon DENSITY fluctuations 



“Charge” fluctuations
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“Charge” fluctuations at SPS and 
below
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Coparison of the Hadron Resonance 
Gas Model with  STAR data

• Frithjof Karsch & K.R.
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Error Estimation for Moments Analysis:   Xiaofeng Luo  arXiv:1109.0593v

Deviation due to Baryon 
Number conservation???
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Baryon Number conservation?

〈N p
2〉=

1
2
〈N p 〉

Only p and p-bar (zero net protons):

Binomial (finite acceptance, efficiency etc):

〈N p
2〉binomial=〈N p 〉 full p 1− p p

2 〈N p
2〉 full=〈N p〉binomial 1−

1
2
p

〈N p
2
〉binomial

〈N p〉binomial
=1−

1
2
p
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V. Skokov et al.. 

Baryon Number conservation?

〈N p
2
〉binomial

〈N p〉binomial
=1−

1
2
p

Peripheral collisions:
p <<1 

Expect close to Poisson
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〈 N p
2
〉binomial

〈N p〉binomial
=1−

1
2
p

Peripheral collisions:
p <<1 

Expect close to Poisson

Needs to be checked more quantitatively
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8 protons!!! 2≈N pN p

⇒ N pN p≈const

K
binomial

[4] =

Finite acceptance needs to be taken into account
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Volume Fluctuations

N=V
N=V V

K 
2
=
N 

4

N 
2−3N 

2 is independent of the volume but not independent
of volume fluctuations

〈 N 4〉=〈V 〉4 〈4〉6 〈V 〉2 〈〉2 〈V 2〉 〈2〉〈〉4 〈V 4〉
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OK lets go slow and keep
the middle man in the loop



/home/vkoch/Documents/talks/BNL_OCT_2011/talk.odp



/home/vkoch/Documents/talks/BNL_OCT_2011/talk.odpLiu



/home/vkoch/Documents/talks/BNL_OCT_2011/talk.odpEjiri



/home/vkoch/Documents/talks/BNL_OCT_2011/talk.odpEjiri

What does this mean?
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Taste Violation
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Not  such a bad agreement
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A complementary strategy

● Study higher moments at large sqrt(s)

● Establish that EOS bends over

T,μ

ε/T4

HRG

QCD

Freeze out
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, ε

Karsch, INT 08
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Maybe not …...  Or only at μ=0
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Let's be patient ….

Schmidt
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Centrality dependence ???
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Things to do

● Account for conservation of Baryon number etc

● Understand proton vs Baryon

● Understand effect of multiplicity selection on 
cumulants

● Understand the relevant length scales in 
MOMENTUM space

– Is there an optimal system size???
● Understand initial state fluctuations

● Can we access the density fluctuations directly??? 
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Next time we meet....

added by random
thought
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Thanks for a great workshop 
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Possibly consistent with observations from baryon sector

Schmidt



/home/vkoch/Documents/talks/BNL_OCT_2011/talk.odp

Hadron gas predictions
G. Torrieri, QM2006

〈
K


〉

〈
K


2

〉



Some trivial effects...
w. T.Schuster

Scaled correlation
independent of multiplicity



Scaling prescriptions

Poisson scaling:

Part. Num. scaling:

Kaon Num. scaling:

Pion Num. scaling:

Geometric scaling:



Scaled with accepted Particles Scaled with dN/dy



f Poisson=
dyn

2

 Poisson
2


